joints, there is any functional vascular abnormality that leads to changes in the joints in cases of rheumatoid arthritis of unknown origin. Disturbance in the vascular constrictor tone is likely to be suspected, as it is met with in the so-called Raynaud syndrome and in acrocyanosis. In both these maladies the arteriolar constrictor tone is increased and in acrocyanosis there is also atonia of the subpapillary venous plexuses of the skin. Patients suffering from these vascular disorders are, like rheumatic subjects, very susceptible to cold. If in rheumatic diseases abnormal tone is present, one would expect a reaction to heat and cold similar to that in Raynaud's syndrome or in acrocyanosis. A suitable means to test such a vascular response is by the use of contrast baths.
The normal reaction of the blood vessels to this type of bath has been determined by Uprus, Gaylor, and Carmichael (1936) . Our experiments are based on the fact observed by Gibbon and Landis (1932) that immersing one forearm in hot water produced vasodilatation in the other arm as well. More particularly Woodmansey, Collins, and Ernst (1938) have studied this reaction in rheumatic subjects. The times of immersion which these authors employed were too short for any sufficient vascular response.
METHOD
The usual method of finding if the capillaries are dilated or constricted is by measurements of the skin temperature. We used the nail bed of the index or third finger. According to Lewis and Pickering (1933) this shows the earliest response when the arm is exposed to hot or cold air, owing to the presence of numerous arterio-venous anastomoses at the finger tips (Grant and Bland, 1931) . Gibbon and Landis (1932) have confirmed such response when the arm is heated with warm water.
Skin temperature measurements were carried out by us using the well known thermocouple-galvanometer method. The room was kept at as constant a temperature as possible during an experiment, but it varied somewhat from day to day from 180 to 210 C. The subject was seated comfortably in a chair so that the arms were able to relax. The two thermocouples were fixed one on each hand, usually at the nail bed of the index, but sometimes of the third finger. Measurements were carried out at intervals, until the temperature of the digits showed a constant figure, usually after 10-20 minutes, but exceptionally after 40 minutes. One arm was then immersed in a large bowl containing warm or cold water, as the case might be. The temperature of the warm water was kept constant by an immersion heater. The temperature of the cold water changed very little in the short time (8-12 minutes) during which the arm was immersed. The amount of water was sufficient to cover the arm from the middle of the hand up to the middle of the biceps. The finger to which the thermocouple was attached remained well above the surface of the water. Temperature readings were noted at intervals of half a minute to two minutes, from the digits of the immersed and non-immersed arms. When satisfactory readings had been taken of the response to heat or cold, as the case might be, the hot water was changed for cold or vice versa. This process was repeated several times. It was not found possible to measure the rectal temper-ature during an experiment, and we had to be satisfied with mouth temperatures. This invariably rose by 0.4o°0.5o C. when the arm was immersed in hot water, and fell (0.2o°0.3°C.) when the arm was immersed in cold water, a point which has already been discussed by other writers.
OBSERVATIONS ON THE REACTION TO CONTRAST BATHS These have been carried out on the following groups: (A) Normal subjects (10 cases) (B) Non-arthritic subjects with Raynaud's syndrome in various stages (such as when cold-or warm-handed) (8 cases) (C) Non-arthritic subjects with acrocyanosis (5 cases) (D) Subjects with rheumatoid arthritis-(a) with a normal blood sedimentation rate (21 cases) (b) with a raised blood sedimentation rate (9 cases). We have selected from each group cases that showed a typical reaction.
(A) Normal subjects The main features of the response of a normal subject to contrast baths are shown in Fig. 1 .
(a) In cold water there is an immediate rapid fall in the temperature of the fingers of both the immersed and non-immersed arms. (b) In hot water this fall continues for a short period (5-8 minutes) and is followed by a rapid rise of both fingers. Fici. 1.-Normal subject, aged 38. In hot water there is a short fall in temperature, followed by a rapid rise in the digits of both the immersed and non-immersed arms. In cold water a rapid fall in temperature of both sides is shown. On immersion again in hot water there is a rapid rise in temperature after a delay of 6 minutes. After this cold water produces the usual rapid fall.
We found that if the initial skin temperature was high, that is if the arm was already in a state of vascular dilatation, then immersion in hot water could only produce a slight increase in this state.
(B) Non-Arthritic subjects with Raynaud's Syndrome In general, patients suffering from this vascular disorder showed when they were warm-handed a normal or nearly normal response. When they were cold-handed the response was greatly delayed; but, once established, was normal in character. Variations occurred both from subject to subject and in the same subject at different times.
Observations on a typical case were as follows: A woman, aged 33, had suffered for several years from cold arms, hands, and feet. Two years before sympathectomy had been performed on one leg without any effect on the Raynaud's syndrome. In particular the left hand and arm felt very cold, and the little finger showed marked cyanosis. Sometimes, however, the temperature of the hands was quite normal. There were no symptoms of arthritis or of heart failure.
We found variable reactions such as the following 1. A complete lack of response to both heat and cold in both hands. The initial temperature of the digits was low (20.80 C. on the immersed, 20.30 C. on the non-immersed side). Cold water at 140 C. caused a drop in temperature on the immersed side to 17.90 C. in 10 minutes. On immersion in hot water at 45.50 C. no rise occurred even after 20 minutes' immersion. Subsequent immersion in hot or cold water could not release the vaso-constriction (see Fig. 2 ). A woman, aged 28, had suffered from many infections in childhood, but not from rheumatic fever. After scarlet fever rheumatic pains started with swelling in the hands, ankles, and elbows, and with iridocyclitis of the left eye.
Her general condition was poor and she could not walk without orthopedic support because of severe deformities in both hands and feet. X-ray examination of the hands showed chronic rheumatoid arthritis with bony fusion of the carpal bones and ankylosis of several phalangeal joints. She had very pronounced deformities of the hands and arms. Her blood sedimentation rate was 40. There was a sluggish rise in temperature on the immersed side, while the non-immersed side showed a normal response (Fig. 6) . DISCUSSION The general features of the response of normal subjects to heat and cold closely resemble those obtained by Lewis and Pickering (1931-33) , by Uprus, Gaylor, and Carmichael (1936) , and by Gibbon and Landis (1932) , although the actual limbs used and the procedure differed somewhat. Cooling one arm produces an immediate fall in temperature; heating one arm produces a delayed rise in temperature of both the immersed and non-immersed arm lasting from 8 to 10 minutes. Carmichael et a!. (1936) pointed out that two factors are responsible for the cooling effect; the sensory stimulus producing vasoconstriction, and the cooling of the blood. The stimulus for the vascular dilatation is the rise in blood temperature; this must overcome the vasoconstrictor tone which may vary from subject to subject. When a normal subject was investigated, at one time with warm, and at another time with cold hands, the heat response under the latter conditions showed a delay which did not, however, exceed 8-10 minutes. Lewis and Pickering (1931-33) have shown that dilatation begins in the warmer fingers; the delay in response of the cooler fingers is attributed to the direct constrictor effect of cold on the arterioles. In cases of so-called Raynaud's syndrome with cold hands, when an increased vaso-constrictor tone is known to be present, not only is the time required to release the vaso-constriction lengthened, but the characteristics of such a response in the immersed and non-immersed limbs may be entirely different. In this vascular disorder we noted three principal types of reactions:
(a) the vaso-constrictor tone may remain unchanged in both arms; (b) the vaso-constrictor tone may be released in one arm only, whilst the other side remains constricted; (c) a paradoxical rise in cold and a fall in hot water may occur. Once the reaction is initiated on both sides, it continues to be normal in type, as Lewis and Pickering have already pointed out. In acrocyanosis a rapid heat response may be obtained. However, after immersion of one limb in cold water the vaso-constrictor effect produced may be so great that subsequent immersion in hot water fails to release it.
In our subjects with rheumatoid arthritis of various types we have found no similarity, in their reaction to contrast baths, to these fundamental types of functional vascular disturbance. Rheumatoid arthritis and Raynaud's disease are only occasionally associated, whereas one would expect this more frequently if functional vascular disturbance were an etiological factor in arthritis.
One case of Raynaud's syndrome in which arthritic changes in the terminal joints of the finger were observed has been described by Lewis (1937) ; the changes were considered to be due to old re-canalized thrombi which severely restricted the blood flow to these joints-an anatomical cause for the condition.
The reaction of our arthritic subjects was tested on many different occasions in order to detect a possible temporary disturbance of vascular function; but even when the temperature of the hands was low, a quite normal response was obtained. Nor was there any sign of vaso-constriction that could not be released, such as occurs in acrocyanosis. The delay in heat response in these cases after immersion in cold water did not exceed the time observed in normal group.bmj.com on October 14, 2017 -Published by http://heart.bmj.com/ Downloaded from subjects. A distinct delay in heat reaction was, however, noted in a severe case of rheumatoid arthritis of long standing, high sedimentation rate, and marked deformities of the arms and hands. Other subjects with all the same changes except the postural abnormalities gave a normal reaction. It has been found out by Uprus, Gaylor, Williams, and Carmichael (1935) that limbs with an abnormality in posture show a pronounced delay in heat response, which could also be elicited from a normal subject who imitated this abnormal posture. We are justified, therefore, in attributing the result in rheumatoid arthritis to this cause.
We conclude, that as far as the vascular system is concerned in the etiology of rheumatoid arthritis and osteo-arthritis, a permanent arrest of blood flow caused by thrombi, by severe arteriosclerosis, or by any mechanical means, may produce joint and bony changes. In cases of vascular disorders like Raynaud's syndrome when associated with arthritis one has to consider the possibility of obstruction of the vessels leading to the affected area. No specific nor particular type of functional vascular reaction, as tested in contrast baths, could, however, be elicited in the various forms or stages of rheumatoid arthritis that we were able to investigate. This does not exclude the fact that many rheumatic patients are especially sensitive to cold, but this cannot be ascribed to abnormal vascular constrictor tone. SUMMARY 1. Arthritic changes have been seen in cases in which the blood supply to a joint has been restricted.
2. Investigations have been carried out to find if there might be any functional vascular disturbance in various types and stages of chronic rheumatoid arthritis. The reaction of rheumatic subjects to contrast baths has been compared with that of normal subjects and of subjects suffering from increased vasoconstrictor tone such as Raynaud's syndrome or acrocyanosis.
3. Unless a marked postural deformity was present all rheumatic subjects showed a reaction well within normal limits.
4. Several types of reaction to contrast baths were obtained in cases of socalled Raynaud's syndrome and acrocyanosis. There was no similarity to the reactions obtained in cases of rheumatoid arthritis.
